Background: The 6-min walk test (6MWT) allows exercise tolerance to be assessed, and it has a significant prognostic value in COPD. The goal of this study was to analyse the determinants (obtained in routine practice) of a low 6-min walking distance (6MWD) and exercise-induced desaturation (EID) in COPD, including comorbidities. Methods: Patients were recruited from the real-life French COPD cohort "Initiatives BPCO". A low 6MWD was defined as <350 m. EID was defined by a minimum pulse oxygen saturation (SpO2)<90% and delta SpO2≥4% from baseline. Multivariate logistic regression analyses assessed the influence on 6MWD and EID of age, sex, obesity (body mass index, BMI >30 kg/m 2 ), low BMI (BMI <18.5 kg/m 2 ), modified Medical Research Council (mMRC) dyspnea scale, FEV1% pred, FVC % pred, hyperinflation and comorbidities including cardiovascular diseases. Results: Among 440 patients with available 6MWT data, a 6MWD <350 m was found in 146 patients (33%), which was positively associated in multivariate analyses with age and mMRC and negatively with resting SpO2 and FVC % pred (rescaled r 2 =0.34), whereas no comorbidity was associated with a low 6WMD. EID was found in 155 patients (35%). This was positively associated with hypertension and negatively with age, obesity, FEV1% pred and resting SpO2 (rescaled r 2 =0.37).
Background
COPD is worldwide a leading cause of mortality and morbidity 1,2 associated with progressive airflow limitation. Until recently, COPD severity was mainly defined by the level of post-bronchodilator FEV 1 . 3 Dyspnea and exercise limitation are the predominant consequences of COPD in stable condition and appear now as major indexes of disease severity and prominent targets of treatment. The 6-min walk test (6MWT) is a widely used field test to assess exercise performance with an abundant literature supporting its clinical relevance. 4, 5 The distance walked at the end of the test (6MWD)
is the primary outcome and a strong prognostic factor in COPD, either as a single parameter or as part of a multidimensional index. [6] [7] [8] Several studies suggested the 350 m value as a relevant prognostic cutoff. 6, [9] [10] [11] The multidimensional BODE index (BMI, obstruction, dyspnea and exercise) also integrates an upper cutoff of 350 m for 6MWD, 7 and a low baseline value of 6MWD is highly predictive of a worsening in BODE score at 2 to 3 years. 12 Exercise-induced desaturation (EID) is common in COPD and routinely assessed during the 6MWT. Various definitions have been used to characterize significant EID. The most common definition is a pulse oxygen saturation (SpO2) drop >4% from baseline and/or a lowest SpO2<90% during the 6MWT. 9, 13 The predicting factors of EID in COPD are poorly known with conflicting results from different studies, usually demonstrating resting SpO2 and PaO2 as significant predictors. 9, [14] [15] [16] The negative prognostic value of EID during the 6MWT is confirmed by several studies. 8, 13, 17 Comorbidities are frequent in COPD, with a significant impact on symptoms, morbidity and mortality. 18 Among COPD comorbidities, cardiovascular diseases (eg, chronic heart failure [CHF] and coronary heart disease) and mood disorders (eg, depression and anxiety) could contribute to exercise limitation and then impact 6MWT performance. 18, 19 Recent results from the ECLIPSE study demonstrated that FEV 1 , modified Medical Research Council (mMRC) dyspnea score, COPD severity, depression and emphysema score on quantitative CT were associated with a 6MWD <350 m. 10 Individual comorbidities were not specifically assessed, but patient-reported cardiovascular diseases were surprisingly not associated with a low 6MWD. The purpose of the present study was to analyse the contribution of demographic data, symptoms, lung function, nutritional status and specifically comorbidities including cardiovascular diseases to the 6MWD and EID in a real-life cohort of COPD patients, using only usual parameters obtained in routine practice. A better knowledge of the correlates of 6MWT main variables could help to predict a low performance during the 6MWT and provide a better understanding of the determinants involved in exercise tolerance in COPD.
Methods
The Initiatives BPCO cohort COPD subjects were recruited from the Initiatives BPCO cohort, a prospective real-life French cohort of clinically and spirometry-diagnosed COPD patients from 20 centers: 17 university hospitals, 2 general hospitals and 1 rehabilitation center. The details of this cohort have been previously described. 20, 21 In short, COPD subjects were recruited at stable condition with no history of exacerbation in the previous 4 weeks, and with a diagnosis of COPD based on a post-bronchodilator FEV 1 The ADO score (age, dyspnea and obstruction) was calculated according to the original description. 27 The 6MWT was performed by experienced respiratoy nurses according to ATS guidelines except for duplication, and the following variables were collected: end of 6MWT dyspnea assessed by a modified Borg scale from 0 to 10, baseline SpO2, SpO2 minimal value and distance. This study was conducted in accordance with the Declaration of Helsinki. The procedures of this study were approved by the Ethics Committee of Versailles (France). All subjects provided informed written consent.
Selection of COPD subjects
Due to the real-life design of the Initiatives BPCO cohort, datasets do not have to be complete to include a patient. Demographic characteristics and spirometry only are mandatory at inclusion. At the time of the analysis, 1.194 COPD subjects were included in the Initiatives BPCO cohort. Because our goal was to study the impact of both lung function and comorbidities on exercise tolerance assessed by the 6MWT, we selected subjects with complete data for 6MWT, spirometry, plethysmography, comorbidities including coronary artery disease, CHF, thromboembolic history, diabetes, hypertension and exacerbation history during the previous year. A comparison between subjects with complete data and those with incomplete data was performed.
Statistical analyses
As 6MWT parameters did not exhibit a normal distribution according to the Kolmogorov-Smirnov test, nonparametric tests were used, and distributions were described using medians and IQRs. ). The mMRC dyspnea scale was also used. The SGRQ and HAD scores were not entered in the models due to too many missing data. A multivariate analysis with the same 17 variables was performed for 6MWD in absolute value (meters). with a median FEV 1 of 51% pred and an mMRC score at 2 [1; 3] . A low BMI was found in 50 subjects and obesity in 83 subjects. Previously diagnosed comorbidities were found across all GOLD grades.
Univariate analyses

Results
Patients
6MWT
Median 6MWD was 404 m [318-480] and 146 patients (33%) walked a distance <350 m ( Figure 1 ). End of 6MWT-related dyspnea was higher in those with a low 6MWD. Significant EID was found in 155 patients (35%). Of note, EID and low 6MWD were unrelated ( Figure 2 ).
Univariate associations with 6MWD and EID
Several categorical and continuous variables were related to 6MWD and EID (Tables 2 and 4, Tables S1  and S2 ) including age, mMRC stage, SGRQ global score, exacerbation frequency, FEV1% pred, FVC % pred and hyperinflation at rest (RV and RV/TLC).
Baseline SpO2 was lower in patients with a low 6MWD or EID. The prevalence of cardiovascular comorbidities was similar in patients with low or preserved 6MWD, and between those with and without EID. Obesity was inversely associated with EID, whereas the prevalence of obesity was not significantly different in patients with and without a low 6MWD.
Multivariate determinants of 6MWD and desaturations
The main determinants (as indicated by significant Wald Chisquare values) were different for 6MWD and EID (Table 3A and B). The mMRC scale was predictive of a low 6MWD only. The first functional covariate was FVC for 6MWD and FEV 1 for EID. Baseline SpO2 was significantly associated with both 6MWD and EID. Age had a positive predictive value for a low 6MWD and negative for EID. Only hypertension appeared as a positive cardiovascular predictor of EID, whereas obesity was significantly associated with less EID. Altogether, considering all independent and significant determinants identified by our analyses, only a low-tomoderate proportion of the 6MWD and EID results were explained with a maximal rescaled r 2 of 0.34 and 0.37, respectively. The prediction of 6MWD in absolute value (Table 4) retained age, FEV1% pred, mMRC and baseline SpO2, with obesity, hypertension and diabetes as additional factors of borderline significance. Adjusted r 2 of the whole model was similar at 0.33.
Discussion
In this real-life cohort of COPD patients, a low 6MWD and/or EID occurred in approximately one-third of patients (33% and 35%, respectively). Low 6MWD and the presence of EID were unrelated, and their major determinants were different but with limited predictive values. Of note, the influence of comorbidities was low.
Determinants of a low 6MWD
Our results regarding the prevalence of a 6MWD <350 m are consistent with other COPD populations, especially the ECLIPSE cohort which exhibited a 6MWD <350m in 41% of the patients. 10 The identification of determinants associated with decreased walking distance might be useful for prognosis assessment and to identify a risk of reduced physical activity, 5 although the relationships between the amount or intensity of daytime activity and 6MWT performance remain variable among studies. 28 Our results from a cohort of stable COPD patients show that age, FVC, mMRC scale and baseline SpO2 were the main determinants of a poor performance. 29, 30 Although very easy to obtain in clinical practice, these clinical and lung function correlates of 6MWD were relatively poor predictors (rescaled r 2 0.34), insufficient to reliably estimate the presence of a low 6MWD in the individual patient. FEV 1 and mMRC were significant predictors in the multivariate analyses of the Bergen cohort by Waatevik et al, 31 but physical activity (>1-2 hrs per week) and comorbidities assessed by the Charlson index were additional predictive factors of a better 6MWD. Contrary to what could be expected RV/TLC was unrelated to 6MWD, a finding suggesting a moderate relationship between resting and exercise-induced dynamic hyperinflation, mainly related to the level of expiratoy flow limitation and ventilatory pattern during the test. Interestingly, hyperinflation was also unrelated to EID, probably due to the major confounding effect and contribution of FEV 1 . Age represents a major confounder, as it is present in all reference equations. As a consequence, it was present in the multivariate 6MWD model. Previous studies also focused on the impact of comorbidities. Waatevik et al demonstrated a mean 60 m reduction of 6MWD in patients with at least 2 comorbidities, using the Charlson comorbidity score. 31 Impact of individual comorbidities was on the contrary rather modest in our model.
Unexpectedly, important comorbidities including CHF were unrelated to 6MWD. This result is in accordance with those of Spruit et al, in which pooled cardiovascular comorbidities were unrelated to the presence of a poor 6MWD. 32 Conversely, a markedly lower 6MWD was recently found in COPD patients with a reduced (<50%) left ventricular ejection fraction (397 m vs 456 m) vs those with similar GOLD severity but preserved left ventricular contractility. 33 A 30% reduction in cycle endurance time was also reported in COPD patients with coexisting CHF. 34 CHF is a frequent comorbidity in COPD and contributes to dyspnea, although it is often difficult to determine its specific impact in individual patients. In our study, we cannot exclude an underdiagnosis of CHF, particularly diastolic or with preserved ejection fraction, especially because of the lack of systematic echocardiography. A recent study in the CHANCE cohort from Netherlands demonstrated a significant contribution of echocardiographic right ventricular systolic pressure, timed up and go test and quadriceps endurance work in the multivariate analysis of 6MWD. 35 With the addition of GOLD stage, SGRQ activity, mMRC and resting lung function (FEV1, FEV1/FVC, diffusing capacity of the lung for carbon monoxide (DLCO) and PaO2), the model explained 72% of 6MWD variance. However, echocardiography and quadriceps assessment are not performed in routine practice for COPD evaluation. In addition, timed up and go test is rather considered as a surrogate than as a determinant of 6MWT. Peripheral artery disease was also associated with a lower 6MWD in the COSICONET cohort, as objectively defined by a low ankle-brachial index. 36 One significant limitation of the present study regarding the 6MWD data is the lack of duplicate 6MWT. This was also the case in recent large-scale studies such as ECLIPSE. 10 In clinical practice, a second test is rarely performed due to time constraints. In addition, the mean gain induced by the second test is around 26 m. 5 When considering the distribution of 6MWD in our cohort, the risk of misclassification (ie, classification of a patient below the cutoff value of 350 m instead of above this cutoff value) would be limited to those who were in the 300-349 m group: as shown in Figure 2 , this group contained only 61 patients. Even assuming a high (50%) rate of misclassification, this would affect <7% (30/440) of patients in our study and thus be of little influence on the multivariate analysis results. A second test is currently mainly recommended for comparison over time, according to the latest ATS/ERS technical standards. 37 
Determinants of EID
Although the criteria used to define significant EID in the literature are heterogeneous, recent studies concur in finding a frequency of 21-39% for these events. 13 A number of predictors of EID during the 6MWT have been described. Abnormal resting gas exchange is a major determinant in most studies. A baseline SpO2 value ≤95% appeared to have a high predictive value, together with female sex, a DLCO <50% pred, FEV1<45% pred and PaO2<10 kPa.
14 A lower resting SpO2 threshold (93%) was found in the ECLIPSE cohort. Resting SpO2 was also present in our multivariate model with a significant OR (0.7). Moderate-to-severe emphysema on quantified CT has also been found to be a significant predictor of EID, 15 but at present quantitative CT is not routinely used to assess emphysema in COPD patients. Unexpectedly, obesity was negatively related to EID in our cohort. Obesity was found to be a positive predictive factor of EID in a recent multivariate analysis in the ECLIPSE cohort. 15 Conversely, it was recently suggested that moderate obesity could improve dyspnea during exercise in COPD, by limiting the degree of dynamic hyperinflation during exercise. 40 Thus, the relation between obesity, exercise hyperinflation and EIDs remains to be elucidated.
Age had a moderate negative predictive value (OR 0.66 per 10 years) of EID in our patients. This finding is opposite to the reduction of 6MWD with age, which may be explained by less desaturation due to lower distance.
The only cardiovascular comorbidity significantly associated with 6MWT variables was hypertension with a 1.6 OR for EID. Hypertension could be associated with subclinical left heart diastolic dysfunction. However, no difference in 6MWT-induced desaturation was found recently in COPD patients with HF and reduced left ventricular ejection fraction. 33 In our patients, hyperinflation (RV/TLC) was not a significant determinant of 6MWT or desaturation, which was likely related to a major interaction with FEV 1 . Dynamic hyperinflation during exercise is currently considered as a major limiting factor, but recent data suggest a predominant role of ventilatory constraint per se (low inspiratory reserve volume), similar in patients with or without dynamic hyperinflation. 41 One important strength of our study is the systematic assessment of clinical variables including comorbidities together with lung function parameters, including lung volumes. The present study has also some limitations. Most of our patients were recruited in university hospitals and therefore may not represent the global COPD population, with a lower proportion of spirometric stage I patients. The 6MWT was not performed in duplicate, which is also true for other large previous series including ECLIPSE. 10 An average learning effect of 26 m has been previously observed. 5 This small increment is unlikely to change the predictive value of our models if a second test had been performed in our cohort. A significant limitation of the present study is that the diagnosis of comorbidities was identified by physicians based on clinical evaluation and taking into account the medical history with no systematic assessment of the presence/absence and severity (for instance left ventricular ejection fraction, diastolic parameters and/or BNP measurement for CHF) of these comorbidities. However, it must be pointed out that the frequency of comorbidities in the present study is in line with other large observational studies in COPD. The Charlson index was unavailable but is obviously not used for the routine assessment of COPD patients. Furthermore, DLCO was not assessed in the present study, whereas it was found to be a significant predictor of 6MWD and desaturations in previous studies. 14 It is, however, not a standard assessment tool in recent guidelines 2 and clinical practice.
Conclusion
In conclusion, this study shows that, although related on a statistical ground, usual clinical data and resting lung function do not adequately predict either 6MWD or desaturations during the test. The present results also confirm the complexity of 6MWT determinants in COPD and suggest a low impact of common comorbidities, particularly clinically defined HF or coronary disease. In clinical practice, 6MWT performance remains difficult to predict with routine clinical and PFT parameters. 
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